Structural and incremental validity of the Wechsler Adult Intelligence Scale-Fourth Edition (WAIS-IV; Wechsler, 2008a) was examined with a sample of 300 individuals referred for evaluation at a universitybased clinic. Confirmatory factor analysis indicated that the WAIS-IV structure was best represented by 4 first-order factors as well as a general intelligence factor in a direct hierarchical model. The general intelligence factor accounted for the most common and total variance among the subtests. Incremental validity analyses indicated that the Full Scale IQ (FSIQ) generally accounted for medium to large portions of academic achievement variance. For all measures of academic achievement, the first-order factors combined accounted for significant achievement variance beyond that accounted for by the FSIQ, but individual factor index scores contributed trivial amounts of achievement variance. Implications for interpreting WAIS-IV results are discussed.
model proposed by the test authors. Also using the full standardization data, Ward, Bergman, and Hebert (2012) found that the four-factor model with three orthogonal minor factors they labeled Spatial Visualization, Quantitative Reasoning, and Digit-Letter Memory Span was the best fitting and most theoretically defensible model. Benson et al. (2010) also conducted factorial invariance analyses to determine whether the factor structure of the WAIS-IV remained consistent across age groups. They found differences in the magnitude of factor loadings across various age cohorts of the standardization sample. Other measurement invariance studies with the WAIS-IV have been conducted in which factorial invariance across the United States and Canadian standardization samples using data from the core subtests alone (Bowden, Saklofske, & Weiss, 2011b) and data from the core and supplemental subtests together (Bowden, Saklofske, & Weiss, 2011a) was investigated. The baseline model estimation phases of both studies indicated the four-factor model reported in the WAIS-IV Technical and Interpretive Manual (Wechsler, 2008b) was better fitting than models with fewer factors, although it should be noted that these models were slightly modified from those in the technical manual due to the inclusion of joint loadings and correlated residuals. Further examination indicated invariance of the four-factor model across the samples using the core and supplemental subtests.
A final set of studies of the factor structure of the WAIS-IV involved exploratory factor analyses of data from the total standardization sample (Canivez & Watkins, 2010b) and data from the adolescent subsample of the standardization sample (Canivez & Watkins, 2010a) , including transformation via the Schmid and Leiman (1957) procedure. Incorporation of various factor extraction criteria generally resulted in the recommended extraction of fewer than four factors, with most resulting in the recommended extraction of one or two factors. In both studies, hierarchical analyses with the Schmid and Leiman (1957) procedure indicated that the second-order g factor accounted for large portions of common and total variance, whereas the first-order factors accounted for small portions of variance. Thus, Watkins (2010a, 2010b) recommended that clinical interpretation of WAIS-IV scores be primarily focused on the second-order level of general intelligence rather than the first-order factors as advocated in the WAIS-IV Technical and Interpretive Manual (Wechsler, 2008b) .
To date, all structural validity investigations of the WAIS-IV have used the standardization data of the WAIS-IV, and no studies have been conducted in which the WAIS-IV factor structure has been examined with data from a clinical sample. As acknowledged by Ward et al. (2012) , examination of the WAIS-IV factor structure using data from a clinical sample could result in significantly different findings than investigation using the standardization data. The importance of further examination of the WAIS-IV using clinical samples has been emphasized in the extant literature (Bowden et al., 2011a; Holdnack, Zhou, Larrabee, Mills, & Salthouse, 2011) . Additionally, replication of factor models in independent samples is an important step in thoroughly investigating structural validity (Raykov & Marcoulides, 2000) . It is particularly important to investigate the structural validity in an independent sample using the 10 core subtests because clinicians typically do not administer all 15 subtests (Canivez & Watkins, 2010b) , and there are no composite score norms provided by the publisher based on the supplemental subtests.
Determining the best fitting model among several rival theoretically based models leads to a better understanding of structural validity and, in turn, to the most appropriate approach to test interpretation (Kline, 2005) . One rival model for the WAIS-IV that has yet to be empirically investigated is the direct hierarchical (also called nested factors or bifactor) model. The authors of the WAIS-IV proposed that an indirect hierarchical model with a general intelligence (g) factor at the structure's apex and four first-order factors below was the best fitting and most theoretically defensible model. Gignac (2005 Gignac ( , 2006 Gignac ( , 2008 criticized this model on the grounds that it is unrealistic to assume that g's influence on subtest performance is fully mediated by the first-order factors and therefore has no direct influence. In contrast, no such assumption is made within the direct hierarchical model, where both the g factor and the first-order factors are modeled orthogonally and therefore both directly influence subtest performance (Gignac, 2005) . A direct hierarchical model has been found to be better fitting than an indirect hierarchical model in several factor-analytic studies of the Wechsler scales, including the WAIS-Revised (Gignac, 2005) , WAIS-III (Gignac, 2006) , Wechsler Intelligence Scale for Children-Fourth Edition (WISC-IV; M. W. Watkins, 2010) , and French version of the WISC-IV (Golay, Reverte, Rossier, Favez, & Lecerf, 2012) . Comparing direct and indirect hierarchical models of the WAIS-IV would likely provide guidance regarding the most appropriate conceptualization of the g factor.
Research on the incremental validity of WAIS-IV scores would also likely aid in interpretive decision making (Sechrest, 1963) . Structural validity studies alone are insufficient for adequately determining the importance of the FSIQ relative to the more narrowly constructed factor index scores (Canivez, Konold, Collins, & Wilson, 2009) . Incremental validity has been defined as the "extent to which a measure adds to the prediction of a criterion beyond what can be predicted with other data" (Hunsley, 2003, p. 443) . In the case of the WAIS-IV, it would be informative to know the incremental validity of the four factor index scores in predicting external criteria (e.g., academic achievement) beyond the FSIQ. No analyses of incremental validity were reported in the WAIS-IV Technical and Interpretive Manual, but zero-order correlations were reported between the WAIS-IV IQ and index scores and scores on the Wechsler Individual Achievement Test-Second Edition (WIAT-II; Wechsler, 2001 ) based on a sample of ninetythree 16-to 19-year-olds tested during the WAIS-IV standardization. Correlations ranged from the .50s to the .70s for the FSIQ and factor index scores. Similar zero-order correlations between the WAIS-IV and the Wechsler Individual Achievement Test-Third Edition (WIAT-III; NCS Pearson, 2009) from a study of fifty-nine 16-to 19-year-olds administered these measures during the WIAT-III standardization were also reported in the WIAT-III Technical and Interpretive Manual. These two data sets were obtained and reanalyzed by Canivez (in press) to assess the incremental validity of the WAIS-IV factor index scores. The WAIS-IV FSIQ accounted for statistically significant and generally large portions of WIAT-II and WIAT-III subtest and composite score variance, whereas the WAIS-IV factor index scores combined to predict statistically significant but trivial to medium increments in achievement scores. None of the individual index scores uniquely predicted significant variance beyond that preThis document is copyrighted by the American Psychological Association or one of its allied publishers.
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dicted by the four index scores combined. The conclusion was that primary interpretation of WAIS-IV scores should be of the FSIQ as suggested by Watkins (2010a, 2010b) . The WAIS-IV factor index scores demonstrated greater incremental validity than the WISC-IV factor index scores (Glutting, Watkins, Konold, & McDermott, 2006) with these two small nonclinical samples, but replication is needed, and the incremental validity of WAIS-IV factor index scores among referred samples is unknown. If primary interpretation of the four factor index scores promoted by the publisher is to be followed, then the four factor index scores must demonstrate meaningful incremental validity beyond the FSIQ.
Purpose of Study and Research Questions
The purpose of the current study was to examine the structural and incremental validity of the WAIS-IV with a clinical sample. Three research questions were investigated: (a) What is the best fitting structural model among the four first-order models (i.e., one-factor, two-factor, three-factor, and four-factor models) reported in the WAIS-IV Technical and Interpretive Manual? (b) What is the best fitting hierarchical model-the direct or indirect hierarchical model? and (c) What is the incremental predictive validity of the four WAIS-IV factor index scores in predicting basic academic skills, academic fluency, and higher level academic skills beyond the FSIQ?
Method Participants
Participants (N ϭ 300) were individuals who sought comprehensive psychoeducational evaluations at a university-based clinic staffed by psychologists specializing in the assessment of learning disorders. All individuals who were administered the WAIS-IV as part of their evaluation between 2009 and 2012 were included in the study. Most participants were undergraduates attending fouryear colleges or universities (75%; n ϭ 225); the remainder of participants were high school students transitioning to college (13%; n ϭ 39), students attending two-year technical schools (1.67%; n ϭ 5), graduate students (6.33%; n ϭ 19), and a small number of students who could not be classified (4%; n ϭ 12). Participants ranged in age from 16 to 61 years (M ϭ 22.36, SD ϭ 7.56). Most participants in the sample were White (86%; n ϭ 258); the remaining participants were African American (8.33%; n ϭ 25), Hispanic (2.33%; n ϭ 7), Asian American (1.66%; n ϭ 5), American Indian (.3%; n ϭ 1), multiracial (.3%; n ϭ 1), and other (1%; n ϭ 3). Diagnoses were wide-ranging, but the most common diagnoses were learning disabilities (LD) and attention-deficit/ hyperactivity disorder (ADHD). Diagnostic status included 32% LD (n ϭ 96), 34.67% ADHD (n ϭ 104), 17.67% comorbid LD/ADHD (n ϭ 53), and 15.67% other (n ϭ 47).
Instruments WAIS-IV. The WAIS-IV is an individually administered intelligence test for individuals between the ages of 16 and 90 years. It consists of 10 core and five supplemental subtests. Only the core subtests were administered for the current study. Four index scales (VC, PR, WM, and PS) are derived from the 10 core subtests. The specific subtests contributing to each index include Similarities, Vocabulary, and Information on the VC Index; Block Design, Matrix Reasoning, and Visual Puzzles on the PR Index; Digit Span and Arithmetic on the WM Index; and Symbol Search and Coding on the PS Index. The indexes are also combined to derive the FSIQ. Average internal consistency estimates ranged from .78 to .94 for subtests, from .90 to .96 for factor index scores, and .98 for the FSIQ. Various validity estimates are also presented in the Technical and Interpretive Manual (Wechsler, 2008b) .
Instruments for examining incremental validity. Basic academic skills, academic fluency, and higher level academic skills served as external criteria for the incremental validity analyses. The Woocock-Johnson III Tests of Achievement Normative Update Form A (WJ-III; Woodcock, McGrew, & Mather, 2007) and the Nelson-Denny Reading Test Form H (NDRT; Brown, Fishco, & Hanna, 1993a) were used to quantify these academic skills.
Basic academic skills. The WJ-III Academic Skills Cluster served as an overall indicator of basic academic skills. It consists of the Letter-Word Identification, Calculation, and Spelling subtests. Letter-Word Identification was designed to measure skill at reading words in isolation. Examinees solve paper-and-pencil math computation problems ranging from simple addition to calculus on the Calculation subtest. On the Spelling subtest, examinees are asked to spell progressively more difficult words. The median Academic Skills Cluster score reliability coefficient was .96. Median split-half reliability estimates were .94, .86, and .90 for Letter-Word Identification, Calculation, and Spelling scores, respectively. Additional evidence for validity of scores from these measures and the measures presented below is available in the WJ-III technical manual (McGrew, Schrank, & Woodcock, 2007) and NDRT technical report (Brown, Fishco, & Hanna, 1993b) .
Academic fluency. The WJ-III Reading Fluency, Math Fluency, and Writing Fluency subtests along with the associated composite score, the Academic Fluency Cluster, were used to measure academic fluency. On the Reading Fluency subtest, examinees are asked to read simple sentences as quickly as they can and decide if each statement is true. Math Fluency was designed to measure how quickly examinees can solve simple arithmetic problems. Examinees write simple, short sentences as quickly as they can on the Writing Fluency subtest. The median Academic Fluency Cluster score reliability coefficient was .96. Median split-half reliability estimates for scores from the Reading Fluency, Math Fluency, and Writing Fluency subtests were .95, .98, and .83, respectively.
Higher level academic skills. Higher level academic skills investigated in the current study included math reasoning and reading comprehension. The WJ-III Applied Problems subtest was used to measure math reasoning. On this subtest, examinees are required to apply mathematics to real-life situations. The median split-half reliability for Applied Problems scores was .93. The NDRT Comprehension scale was used to measure reading comprehension. Examinees are presented with eight passages and 38 multiple-choice questions and asked to answer as many questions as they can within a 20-min period. Kuder-Richardson 20 coefficients ranged from .85 to .89 for NDRT scores. This document is copyrighted by the American Psychological Association or one of its allied publishers.
Procedure
Data were archival and extracted from a database used to store de-identified assessment information for all individuals evaluated at the clinic. Instruments were individually administered by licensed psychologists or unlicensed psychologists, master's-level clinicians, or doctoral students in clinical psychology under the supervision of a licensed psychologist.
Data Analyses
Mplus 7.0 for Macintosh was used to conduct CFA with maximum likelihood estimation. Consistent with previous WAIS-IV structural analyses, four first-order models and two hierarchical models were specified and examined: (a) one factor; (b) two oblique verbal and nonverbal factors; (c) three oblique verbal, nonverbal, and combined working memory/processing speed factors; (d) four oblique verbal, nonverbal, working memory, and processing speed factors; (e) an indirect hierarchical model (as per Bodin, Pardini, Burns, & Stevens, 2009 ) with four correlated first-order factors; and (f) a direct hierarchical model (as per M. W. Watkins, 2010 ) with four first-order factors. See Gignac (2008) for a detailed description of direct and indirect hierarchical models.
To judge model fit, Bentler (1998, 1999 ) recommended a dual criterion to guard against both Type I and Type II errors with comparative fit index (CFI) values greater than or equal to .95 and root-mean-square error of approximation (RMSEA) values less than or equal to .06. Higher CFI values and lower RMSEA values indicate better fit. Chi-square and Akaike information criterion (AIC) values were also considered. Nonstatistically significant chi-square values tend to indicate good model fit, and smaller AIC values indicate better fit after accounting for model complexity. Meaningful differences between well-fitting models were evaluated with ⌬CFI Ͼ .01 (Cheung & Rensvold, 2002) , ⌬RMSEA Ͼ Ϫ.015 (Chen, 2007) , and smallest AIC as standards. Latent factor reliabilities were estimated with coefficient omega () and omega hierarchical ( h ) as programmed by M. W. Watkins (2013) . Omega estimated the reliability of the latent factor combining general and specific factor variance, whereas h (what Reise, 2012 , termed omega subscale) estimated the reliability of each latent factor with variance from other factors removed (Brunner, Nagy, & Wilhelm, 2012) .
As suggested by Lubinski (2000), hierarchical multiple regression analyses were conducted to assess proportions of observed achievement subtest or composite score variance predicted by the observed WAIS-IV Full Scale IQ and factor index scores. Multiple regression analyses are appropriate for investigations that are predictive rather than explanatory in focus (Glutting et al., 2006; Pedhazur, 1997) . The purpose of the incremental validity aspect of the current study was to investigate the applied usage of the WAIS-IV in predicting academic achievement. Therefore, the observed scores derived from the instruments (i.e., the scores practitioners have access to) were used rather than latent construct scores that can be derived from structural equation modeling. Although the latter approach is useful for explanatory research and testing theory, its results do not have direct practical applications (Glutting et al., 2006; Oh, Glutting, Watkins, Youngstrom, & McDermott, 2004) and therefore was deemed inconsistent with the purpose of the current study.
The WAIS-IV FSIQ was singularly entered into the first block and the four WAIS-IV factor index scores were jointly entered into the second block in SPSS Version 20 for Mac linear regression analysis. The WJ-III subtest, WJ-III cluster, and NDRT scores served as dependent variables. The change in predicted achievement test score variance provided by the four WAIS-IV factor index scores in the second block provided an estimate of the incremental prediction beyond the WAIS-IV FSIQ from the first block. Unique incremental contribution of factor index score prediction of achievement test variance was estimated by the squared part correlations from the second block. Cohen's (1988) Order of variable entry in multiple regression analysis influences variance attributed to predictors, as variables entered first capture greater criterion variance than variables entered later. Some have suggested entry of factor index scores into Block 1 and the FSIQ into Block 2 and reporting the incremental validity of the FSIQ above and beyond the first-order factors (Hale, Fiorello, Kavanagh, Holdnack, & Aloe, 2007) . This was not done in the present study because, as Glutting et al. (2006, p. 106 ) noted, such a procedure would "repeal [the] scientific law" of parsimony and would result in testing "a nonsensical hypothesis" (Schneider, 2008, p. 52) .
Results
Descriptive statistics for the WAIS-IV and achievement measures are presented in Tables 1 and 2 and illustrate univariate normality. Mardia's (1970) standardized multivariate kurtosis estimate for the WAIS-IV data was 2.77 and well under the criterion of |5.0| for multivariate normality (Byrne, 2006) . With the high communalities and normality of these data, a sample size of 300 was deemed adequate for subsequent CFA analyses (Mundfrom & Shaw, 2005; Raykov & Marcoulides, 2000) . WAIS-IV means for this sample were approximately 1 standard deviation lower than Note. Mardia's (1970) normalized multivariate kurtosis estimate for WAIS-IV subtests was 2.77. This document is copyrighted by the American Psychological Association or one of its allied publishers.
those typically obtained by college students (Beaujean, Firmin, Michonski, Berry, & Johnson, 2010; Lassiter, Bell, Hutchinson, & Matthews, 2001) , and less variability was observed among the current sample than the standardization sample. Generally, lower scores on subtests, factor indices, and the FSIQ are observed in referred samples (Canivez & Watkins, 1998; M. W. Watkins, 2010) . Not surprisingly, Table 1 illustrates that scores were lower for working memory and processing speed; previous research has indicated that individuals with ADHD and LD, on average, score lower on these factor indices than those without these disorders (Frazier, Demaree, & Youngstrom, 2004; Swanson & Hsieh, 2009; Trainin & Swanson, 2005) .
Structural Validity
Model fit statistics presented in Table 3 illustrate the increasingly better fit from one to four factors; however, fit statistics indicated that the one-, two-, and three-factor models were clearly inadequate. The correlated four-factor (see Figure 1) , indirect hierarchical (see Figure 2) , and direct hierarchical (see Figure 3 ) models were all statistically better fits to these data than the one-, two-, and three-factor models. Of the three better models, the correlated four-factor model was a better fit to these data than the indirect hierarchical model (⌬ 2 ϭ 21.48, p Ͻ .001), as was the direct hierarchical model (⌬ 2 ϭ 24.09, p Ͻ .001). There were no statistically significant or meaningful differences in fit statistics between the correlated four-factor model and the direct hierarchical model (⌬ 2 ϭ 2.61, p Ͼ .10, ⌬CFI ϭ .001, ⌬RMSEA ϭ .003).
Because the four WAIS-IV latent factors were highly correlated and imply a higher order structure (Gorsuch, 1988) , such explication is necessary and the reason the direct hierarchical model was judged to provide the best explanation of the WAIS-IV factor structure. Table 4 illustrates the portions of variance based on the direct hierarchical model (see Figure 3) . The general factor accounted for 32.9% of the total and 52.5% of the common variance. The VC factor accounted for 10.9% of the total variance and 17.4% of common variance, the PR factor accounted for 2.8% of the total variance and 4.5% of common variance, the WM factor accounted for 5.7% of the total variance and 9.2% of the common variance, and the PS factor accounted for 10.2% of the total variance and 16.4% of the common variance. Thus, the higher order g factor accounted for substantially greater portions of WAIS-IV common and total variance relative to the factor index scores. Table 4 presents h coefficients that estimated the latent construct reliability with the effects of other constructs removed. In the case of the four WAIS-IV factor indices, h coefficients ranged from .107 (PR) to .638 (PS). Table 5 are the increases in achievement variance provided by the combined effects of WAIS-IV factor index scores beyond the achievement variance due to the FSIQ. Statistically significant portions of WJ-III Letter-Word Identification (19.9%, p Ͻ .0001), Calculation (4.4%, p Ͻ .001), and Spelling (17.6%, p Ͻ .0001) score variance was incrementally accounted for by the WAIS-IV factor index scores that represented small to medium effect sizes. The unique contributions of WAIS-IV factor index scores in predicting the WJ-III Academic Skills subtests ranged Note. CFI ϭ comparative fit index; RMSEA ϭ root-mean-square error of approximation; CI ϭ confidence interval; AIC ϭ Akaike information criterion; V ϭ Verbal; NV ϭ Nonverbal; WM/PS ϭ Working Memory/Processing Speed. a Two indicators of third and fourth factors were constrained to be equal to ensure identification. This document is copyrighted by the American Psychological Association or one of its allied publishers.
Incremental Validity
from 0.0% (WMI & PSI in Letter-Word Identification) to 1.4% (WMI in Calculation). The WAIS-IV FSIQ accounted for statistically significant (p Ͻ .0001) portions of the WJ-III Academic Skills Cluster (34.3%) that represented a large effect size. A statistically significant (p Ͻ .0001) portion of the WJ-III Academic Skills Cluster (16.2%) score variance was incrementally accounted for by the combined WAIS-IV factor index scores and represented a medium effect size. The unique contributions of WAIS-IV factor index scores in predicting the WJ-III Academic Skills Cluster ranged from 0.0% (PRI) to 0.9% (WMI).
Academic fluency. The WAIS-IV FSIQ accounted for statistically significant (p Ͻ .0001) portions of the WJ-III Reading Fluency (19.3%), Math Fluency (13.9%), and Writing Fluency (21.6%) scores that represented medium effect sizes. Table 5 also illustrates the increases in achievement variance provided by the combined effects of WAIS-IV factor index scores beyond the achievement variance due to the FSIQ. Statistically significant portions of WJ-III Reading Fluency (17.8%, p Ͻ .0001), Math Fluency (29.9%, p Ͻ .0001), and Writing Fluency (9.1%, p Ͻ .0001) score variance was incrementally accounted for by the WAIS-IV factor index scores that represented small to medium effect sizes. The unique contributions of WAIS-IV factor index scores in predicting the WJ-III Academic Skills subtests ranged from 0.0% (PRI in Writing Fluency) to 2.2% (WMI in Math Fluency).
The WAIS-IV FSIQ accounted for statistically significant (p Ͻ .0001) portions of the Academic Fluency Cluster (28.0%) score that represented a medium effect size. A statistically significant (p Ͻ .0001) portion of the WJ-III Academic Fluency Cluster (22.8%) score variance was incrementally accounted for by the combined WAIS-IV factor index scores and represented a medium effect size. The unique contributions of WAIS-IV factor index scores in predicting the WJ-III Academic Fluency Cluster ranged from 0.1% (PRI) to 1.7% (PSI).
Higher level academic skills. The WAIS-IV FSIQ accounted for statistically significant (p Ͻ .0001) portions of the WJ-III Applied Problems (49.1%) and NDRT (29.2%) scores that represented large and medium effect sizes, respectively. Table 5 shows the increases in achievement variance provided by the combined effects of WAIS-IV factor index scores after achievement variance due to the FSIQ was accounted for with statistically significant (p Ͻ .0001) portions of achievement variance incrementally accounted for with the WJ-III Applied Problems (6.5%) and the NDRT (10.1%) scores, which represented small to medium effect sizes, respectively. The unique contributions of WAIS-IV factor index scores in predicting the WJ-III Applied Problems and NDRT scores ranged from 0.0% (PRI in the NDRT) to 0.8% (WMI in Applied Problems).
Discussion
The current study is the first to examine the factor structure of the WAIS-IV with data obtained from a sample that was not part of the standardization of the instrument. Of the four first-order factor models, the correlated four-factor model consisting of VC, PR, WM, and PS exhibited superior fit. Additionally, it was the only lower order model that produced adequate fit statistics. This finding replicates results reported in the WAIS-IV Technical and Interpretive Manual and a reexamination of the WAIS-IV standardization data on the 10 core subtests reported by Bowden et al. (2011b) . Comparison to other empirical studies on the WAIS-IV factor structure examined via CFA could not be made because those studies (Benson et al., 2010; Bowden et al., 2011a; Ward et al., 2012) included the five supplemental subtests in their analyses. In the two other extant studies on the factor structure of the WAIS-IV (Canivez & Watkins, 2010a , 2010b , exploratory factor analysis was used. In those two studies, various factor extraction criteria suggested the extraction of no more than two factors and in most cases only one, although it was noted that the subtests were correctly associated with the four theoretically proposed first-order factors. In the current study, both the one-factor and two-factor models were poor fits to the data.
Results of the analysis comparing the direct and indirect hierarchical models indicated that the direct hierarchical model was the better fitting model. These results are consistent with those of This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
factor structure investigations of two previous versions of the WAIS (Gignac, 2005 (Gignac, , 2006 , a study of the WISC-IV (M. W. Watkins, 2010) , and a study of the French WISC-IV (Golay et al., 2012) . The present findings are at odds with those reported in the WAIS-IV Technical and Interpretive Manual, in which an indirect hierarchical model was presented as the favored model, although a direct hierarchical was apparently not examined or reported.
Within the direct hierarchical model, the g factor was modeled as having a direct influence on subtest performance rather than an indirect influence fully mediated via the VC, PR, WM, and PS factors, as in the indirect hierarchical model. The direct hierarchical model has been described as a more defensible model than the indirect hierarchical model because the full mediation of the narrow group factors of the indirect model "should probably be considered unreasonable in the area of psychology, where test developers are not likely adept enough to develop subtests in such a way that they will share variance with the general factor to the extent that they will load onto a group-level factor" (Gignac, 2006, p. 85) . Additionally, general intelligence is modeled as a breadth factor in a direct hierarchical model rather than as a superordinate factor in an indirect hierarchical model. Gignac (2008) argued that breadth rather than superordination has historically been a more fundamental aspect of general intelligence from a theoretical perspective.
Results of the analyses of the sources of variance according to a direct hierarchical model were similar to those of Canivez and Wat- .42 Figure 2 . Indirect hierarchical measurement model, with standardized coefficients, for the Wechsler Adult Intelligence Scale-Fourth Edition for 300 referred college students. SI ϭ Similarities; VO ϭ Vocabulary; IN ϭ Information; BD ϭ Block Design; MR ϭ Matrix Reasoning; VP ϭ Visual Puzzles; DS ϭ Digit Span; AR ϭ Arithmetic; SS ϭ Symbol Search; CD ϭ Coding; VC ϭ Verbal Comprehension factor; PR ϭ Perceptual Reasoning factor; WM ϭ Working Memory factor; PS ϭ Processing Speed factor; g ϭ general intelligence. This document is copyrighted by the American Psychological Association or one of its allied publishers.
kins (2010a, 2010b) and Niileksela, Reynolds, and Kaufman (2012) in that the g factor accounted for far more total and common variance than any of the four individual first-order factors. The g factor accounted for more total and common variance than that accounted for by the four first-order factors combined. These results are also consistent with those obtained from investigations of other intelligence tests, including studies of the Reynolds Intellectual Assessment Scales (Dombrowski, Watkins, & Brogan, 2009; Nelson & Canivez, 2012; Nelson, Canivez, Lindstrom, & Hatt, 2007) , Stanford-Binet Intelligence Scales-Fifth Edition (Canivez, 2008; DiStefano & Dombrowski, 2006) , Cognitive Assessment System (Canivez, 2011) , WISC-IV (Bodin et al., 2009; M. W. Watkins, 2006 M. W. Watkins, , 2010 M. W. Watkins, Wilson, Kotz, Carbone, & Babula, 2006) , and French WAIS-III (Golay & Lecerf, 2011) . The four first-order factors in the present study accounted for more total (29.6%) and common (47.5%) variance than observed by Watkins (2010a, 2012b) with the WAIS-IV standardization sample (20.4%-21.1% for total variance and 33%-35% for common variance). Additionally, the four first-order factors in the present study accounted for more total and common variance than that found in the WISC-IV (M. W. Watkins, 2010) . In that study, total and common variance explained by the g factor was 3 times as large as that explained by the four first-order factors, which explained only 15.9% and 24.8% of the total and common variance, respectively. The present analyses estimated the reliability of WAIS-IV latent factors with h , with h coefficients of .470 for VC, .107 for .69 Figure 3 . Direct hierarchical measurement model, with standardized coefficients, for the Wechsler Adult Intelligence Scale-Fourth Edition for 300 referred college students. SI ϭ Similarities; VO ϭ Vocabulary; IN ϭ Information; BD ϭ Block Design; MR ϭ Matrix Reasoning; VP ϭ Visual Puzzles; DS ϭ Digit Span; AR ϭ Arithmetic; SS ϭ Symbol Search; CD ϭ Coding; VC ϭ Verbal Comprehension factor; PR ϭ Perceptual Reasoning factor; WM ϭ Working Memory factor; PS ϭ Processing Speed factor; g ϭ general intelligence. This document is copyrighted by the American Psychological Association or one of its allied publishers.
PR, .365 for WM, and .638 for PS. Lower coefficients were observed for the WAIS-IV standardization sample ages 70 -90 years by calculating h from Niileksela et al. (2012, Table 2 ), where h for G c ϭ .292, G f ϭ .000, G v ϭ .149, G s ϭ .350, and G sm ϭ .251. Such low h coefficients suggest that interpretation of the factor indices "as precise indicators of unique constructs is extremely limited-very little reliable variance exists beyond that due to the general factor" (Reise, 2012, p. 691) . The prediction of academic achievement has been described as the most important application of intelligence tests (Brown, Reynolds, & Whitaker, 1999) , and therefore the incremental predictive validity aspect of the current study using various dimensions of academic achievement has implications regarding the practical utility of the WAIS-IV. Results indicated that the FSIQ accounted for statistically significant portions of all WJ-III cluster and subtest scores investigated as well as NDRT scores. The FSIQ accounted for a large portion of WJ-III Academic Skills Cluster scores, a medium portion of WJ-III Academic Fluency Cluster scores, and medium to large portions of higher level academic achievement represented by the WJ-III Applied Problems (i.e., math reasoning) subtest and the NDRT (i.e., reading comprehension). Of the specific academic test scores, the untimed math subtests of the WJ-III were best predicted by the FSIQ, and the spelling and timed math subtests of the WJ-III were least accounted for by the FSIQ. Incremental prediction of the four index scores combined was statistically significant for all academic achievement composite and subtest scores. The effect size for math fluency approached the large range for the incremental prediction and was in the medium range for all academic achievement scores other than untimed mathematics and timed writing, of which the four factor index scores only accounted for small portions of variance. The unique incremental contributions to prediction of achievement by the four factor index scores were trivial.
The current study's results are the first reported on the incremental validity of WAIS-IV factor index scores beyond the FSIQ in predicting academic achievement with an independent clinical sample. Incremental validity analyses were not reported in the WAIS-IV Technical and Interpretive Manual or in such manuals of previous adult versions of the Wechsler scales. Several similar studies have been conducted using the child version of the Wechsler scales as well as other intelligence tests. In general, results from these studies indicated that the overall Full Scale score of the intelligence tests accounted for large portions of achievement variance, whereas the more specific index scores accounted for trivial to small amounts of variance beyond the overall score (Glutting et al., 2006; Glutting, Youngstrom, Ward, Ward, & Hale, 1997; Nelson & Canivez, 2012; M. W. Watkins, Glutting, & Lei, 2007; Youngstrom, Kogos, & Glutting, 1999) . The results of the current study indicate greater incremental predictive validity of the WAIS-IV index scores than the index scores of other intelligence tests examined in extant empirical studies. Canivez's (in press ) study of incremental validity of the WAIS-IV using the standardization data provides the most direct comparison for the current results. Specific comparisons with the results of Canivez show that in the present study WAIS-IV factor index scores accounted for greater portions of WJ-III Letter-Word Identification than WIAT-II or WIAT-III Word Reading, greater portions of WJ-III Spelling than WIAT-II or WIAT-III Spelling, and greater portions of WJ-III Reading Fluency than WIAT-III Oral Reading Fluency. Other similar achievement subtests did not appear to differ.
The reasons for this finding are unclear. One possible explanation has to do with the characteristics of the current sample. This sample consisted mainly of college students who were diagnosed with LD and/or ADHD. These individuals often have discrepancies between their measured intelligence and academic achievement, in favor of the former (Gregg, 2009) . That is, they are an anomalous group because their IQ scores predict higher achievement scores than they actually obtain. Although speculative, it might be that the more specific abilities represented by the WAIS-IV index scores have a greater influence on academic achievement beyond general intelligence for this specific group of individuals with disabilities than for the general population. This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
It is important to note, however, that such differences in incremental validity based on referred versus nonreferred group status have not been found with similar child samples (Glutting et al., 1997; M. W. Watkins et al., 2007) . Additionally, the current results were suggestive only that the four factor index scores combined predicted unique achievement variance beyond the FSIQ. Therefore, statements cannot be made that specific abilities (e.g., working memory or processing speed) were more influential in predicting achievement for the current sample than for previous samples. The unique predictions by individual factor index scores evidenced by squared part correlations were not statistically significant and were trivial in their effects.
Although it may be tempting to make comparison of the current results with those from studies of CHC theory using structural equation modeling (see McGrew & Wendling, 2010, for a review), such comparisons would be misguided because latent constructs rather than observed scores were examined in the vast majority of these CHC studies. Unlike the observed scores used in the current study, latent constructs derived from SEM are error free. Score distributions differ and individuals are ranked differently based on whether latent constructs or observed scores are used (Oh et al., 2004) . Beyond these quantitative differences, the purpose of the current study is fundamentally disparate from investigations of CHC constructachievement relations. Whereas the current study was focused on examining the direct practical utility of WAIS-IV scores in predicting academic achievement, the purpose of the majority of CHC studies is to examine theoretical relationships. Both types of studies are important; however, their different purposes and methods limit comparability. This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
Limitations
The results of the current study should be interpreted considering the following limitations. First, several characteristics of the sample limit generalizability of these results. Ethnicity was not representative of the U.S. population at large. Furthermore, although the age range was broad, most individuals were of typical college age, and therefore age groups near the high end of the range were not well represented. A final characteristic that limits the generalizability of these findings is that the sample consisted primarily of adolescents and young adults with various learning or attention disorders who planned on attending, were attending, or had attended college. Second, a nonreferred comparison group was not included in the current study. Inclusion of such a group would have permitted more rigorous examination of the factor structure of the WAIS-IV and the incremental validity of the index scores. More specifically, inclusion of both referred and nonreferred groups would have allowed for not only examination of underlying factor structure but also investigation of whether metric relationships between subtest scores and associated latent constructs are equivalent across groups (Bowden et al., 2008) .
Implications for Practice
Several implications for practice can be drawn from the current study's results. First, it is recommended that the factor structure of the WAIS-IV be interpreted as consisting of a general intelligence factor and the four index factors purported by the test developers when assessing similar individuals. Second, although these results support the four index factors, they do not support the statement made in the WAIS-IV Technical and Interpretive Manual that focus on these scores "is recommended as the primary level of clinical interpretation" (Wechsler, 2008b, p. 127) . Rather, the current results suggest that the greatest interpretive weight should be afforded to the FSIQ representing the general intelligence construct because it captured the greatest amount of variance within the factor structure, had the highest latent factor reliability estimate, and was consistently a stronger predictor of academic achievement than the four factor indices. Third, these results provide greater support for interpretation of the four index scores at a secondary level of clinical interpretation than have results of previous studies (e.g., Canivez & Watkins, 2010a , 2010b . The VC, PR, WM, and PS factors combined accounted for more common and total factor variance than observed in previous studies. The current study's results indicated that the four index factors combined predicted meaningful academic achievement beyond the FSIQ, further supporting clinical attention to the index scores at a secondary level of interpretation. However, those making interpretations at the factor index score level must be mindful that although the index scores predicted meaningful academic achievement variance when examined together, none of the individual index scores uniquely predicted meaningful variance beyond that predicted by the four index scores together. Additionally, the latent factor reliability estimates of the specific factors once other factor variance was removed were low. Finally, our results suggest that g as measured by the WAIS-IV is better conceptualized as a breadth factor rather than a superordinate factor. Although this result does not appear to have direct implications for interpreting the FSIQ, it calls attention to a different conceptualization of g than that of the test publisher.
